This study examined the normal ranges and the determinants for various parameters of the short-term heart rate variability (HRV) measurements in a large Korean sample of healthy people. HRV measurements were obtained in 2,748 healthy men and 735 healthy women 18-65 yr of age. The mean total power (TP), low frequency (LF), high frequency (HF), and LF/HF ratio were 1,358.9 ± 1,840.8 ms 2 , 417.3 ± 807.6 ms 2 , 254.1 ± 414.1 ms 2 , and 2.4 ± 20.9 ms 2 in the frequency-domain spectral analysis. The mean standard deviation of the normal-to-normal (NN) interval (SDNN) and the square root of the mean squared differences of successive NN intervals (RMSSD) were 39.6 ± 22.1 ms and 29.7 ± 18.1 ms in the time-domain analysis. The female subjects had significantly higher SDNN, RMSSD, and HF values than the male subjects. After controlling for age, there was no statistically significant difference in the SDNN. Quantile regression analysis showed that age and mean heart rate had a significant impact on short-term HRV measurement. Given that both clinicians and researchers are increasingly relying on short-term HRV assessment in measuring stress, our work suggests that age and gender should be considered as independent determinants for HRV.
INTRODUCTION
Heart rate variability (HRV) provide a perspective on both sympathetic and parasympathetic nervous system functioning (1) . HRV, which is defined as 'the amount of fluctuations from the mean heart rate', is primarily controlled by the continuous interplay of the autonomic nervous system (ANS). Two frequency components are usually distinguishable in short-term HRV: high frequency (HF) and low frequency (LF) components (2) .
The number of patients visiting health-promotion centers and primary practitioners for the assessment and treatment of stress symptoms is increasing in Korea. Therefore, many hospitals and health-promotion centers measure both psychological stress and ANS function at the initial work-up and routine medical checkups to apply these pieces of information to patient care. Recently, there has been growing interest in HRV because several studies have consistently shown an association between reduced HRV and increased risk of cardiovascular morbidity and mortality (3) (4) (5) (6) , poor prognosis of many other diseases (7) (8) (9) , and an association between HRV and mental disorders (10) .
To apply HRV measures in monitoring physiological stress levels in clinical practice or medical checkups, normative values of HRV variables and their determinants are required. Until now, there have been a few studies on normative data of HRV in a normal population without cardiac diseases (5); one study involved standardized tests of HRV for autonomic function testing in healthy Koreans (11), but it had a limit by its relatively small sample size. A study with a larger sample size has the advantage of enabling control of other sources of variance, such as age, obesity and health-related habits.
In this study, we evaluated the normal ranges of various parameters of short-term HRV in a large Korean sample of healthy people to obtain normative data on HRV. We also analyzed the impact of gender, age, and other relevant demographic and clinical variables on short-term HRV measurements.
MATERIALS AND METHODS

Subjects
We recruited 2,748 men and 735 women who were 18-65 yr of age, from 5 health-promotion centers in Korea during their annual medical check-up. Recruitment of subject was conducted from April 1, 2003 , to August 31, 2003. All participants were screened for medications and medical conditions. Psychiatric diagnoses were assessed using the Mini-International-Neuropsychiatric Interview (M.I.N.I.) (12) by an experienced psychiatric nurse and a psychiatrist. Thirty-nine participants with histories of major medical disorders and seven participants with histories of major psychiatric disorders were excluded. Before the HRV measurements, the participants answered a questionnaire on personal information and their life habits (e.g., smoking, alcohol consumption, coffee drinking, and exercise). After the measurement, 41 participants, who had an abnormally high standard deviation (SD) of the normal-to-normal interval (SDNN) in the HRV ( ≥ 100, 3 standard deviations), were excluded from the analysis. Finally 2,679 men and 717 women who completed the HRV measurements and questionnaires were included in the analysis.
Measurement of HRV
All subjects were instructed to avoid alcohol or caffeinated beverages after 10 p.m. (22:00) on the night before the HRV measurements. In addition, they refrained from smoking 1 hr before the measurements. To control for diurnal variation, HRV was measured between 8 a.m. (08:00) and 12 a.m. (12:00) by using the SA-2000E model (Medi-core, Seoul, Korea). Each subject was comfortably seated on a chair, electrodes were placed on their wrists and left foot to derive HRV for 5 min, and the subject was guided to breathe according to their usual rate during the HRV measurement.
The following HRV parameters were measured by frequency domain spectral analysis (13): total power (TP), LF, and HF. TP is the variance of the normal-to-normal interval (NN) over a temporal segment. The LF/HF ratio was calculated because it considered to reflect sympatho-vagal balance or sympathetic modulation (2) . The standard deviation of the normal-to-normal interval (SDNN) was used to estimate long-term components of the HRV. It is calculated by statistical time domain measurements. The square root of the mean squared differences of successive NN intervals (RMSSD) was also calculated by statistical time domain measurements.
Statistical analysis
All HRV variables were expressed as the mean ± SD and were tested by the Kolmogorov-Smirnov test for normal distribution. All HRV variables were then compared between age-matched groups. ANOVA was used to compare age and life habits with the HRV variables. Quantile regression models were constructed to identify the association between dependent variables (SDNN, RMSSD, TP) and the independent variables (mean heart rate, age, body mass index [BMI] , and systolic blood pressure) analyzed. This models enable the effect of independent variables on different points of the distribution of the dependent variables which were asymmetric. All HRV variables were described as percentiles. The quantiles were based on the distribution of HRV values where the 10th, 25th, 50th, 75th, and 90th percentiles were considered, and the median is the 50th quantile. All statistical analyses were performed by using the SPSS 12.0 for Windows (SPSS Korea Datasolution Inc.).
Ethics statement
All participants provided informed consent after receiving a complete explanation regarding the study.
RESULTS
The mean age of the subjects was 41.4 ± 9.00 yr (range, 18-65 yr); the male and female subjects had mean ages of 42.3 ± 8.3 and 38.0 ± 10.5 yr, respectively. Educationally, subjects who were high school graduates and had higher qualifications were 3,022 (89%). Smokers were 1,956 (57.6%) and subjects who reported drinking alcohol more than once a week were 1,681 (49.5%). Subjects who reported exercising more than once a week were 2,211 (65.1%), and subjects who consumed coffee regularly were 2,649 (78.0%). Their demographic characteristics are presented in Table 1 .
The mean TP, LF, HF, and LF/HF ratio were 1,358.9 ± 1,840.8 ms Table 2 . In men, the SDNN, RMSSD, TP, LF, and HF significantly decreased with increasing age (F = 42.66, P < 0.001; F = 30.23, P < 0.001; F = 24.60, P < 0.001; F = 16.36, P < 0.001; F = 23.13, P < 0.001, respectively), as shown in Table 3 . In female, the SDNN and RMSSD significantly decreased with increasing age (F = 8.52, P < 0.001; F = 4.19, P = 0.006) as shown in Table 4 .
The female subjects had significantly higher SDNN, RMSSD, and HF values than the male subjects (F = 4.74, P = 0.030; F = 19.09, P < 0.001; F = 26.09, P < 0.001, respectively). After controlling for age, there was no statistically significant difference in the SDNN. However, the RMSSD, LF/HF ratio, logarithmic (Ln) TP, Ln LF, and Ln HF were significantly different between genders (F = 4.38, P = 0.037; F = 40.59, P < 0.001; F = 3.86, P = 0.005; F = 27.19, P < 0.001; and F = 6.78, P = 0.009, respectively).
There were no significant differences in the HRV variables between the smokers and the non-smokers. However, the SDNN, RMSSD and HF of the participants who drank alcohol more than once a week were lower than those of the participants who drank less than once a week (F = 3.74, P = 0.053; F = 3.92, P = 0.048; F = 3.40, P = 0.065, respectively). The Ln TP, Ln LF and Ln HF values were significantly higher in the participants who consumed coffee regularly than in those did not (F = 6.55, P = 0.011; F = 4.78, P = 0.029; F = 4.49, P = 0.034). Regarding exercise, the SDNN, RMSSD, TP, LF, and HF values were significantly increased with the exercise frequency (F = 8.47, P < 0.001; F = 13.42, P < 0.001; F = 4.97, P = 0.002; F = 4.14, P = 0.006; and F = 4.70, P = 0.003, respectively). Quantile regression analysis identified several HRV parameters that were significantly associated with other demographic or clinical variables. Age and mean heart rate seemed to be the two most important determinants of the SDNN, RMSSD, and TP (Table 5 ).
DISCUSSION
In this study, we examined the normal ranges of various parameters of short-term HRV and the impact of gender and age on the values in a large Korean sample of healthy people. Then, we analyzed whether the various demographic or clinical variables (gender, age, BMI, heart rate, blood pressure) influence HRV measurements. There were significant differences in HRV parameters between the genders, and after controlling for age, the statistical significance of those differences was changed slightly. Some studies have shown that HRV measurements are affected not only by age (14) (15) (16) (17) , but also by gender (17, 18) . Especially, Ramaekers et al. (19) suggested that estrogens have a cardioprotective effect in women. Huikuri et al. (20) reported higher parasympathetic activity in postmenopausal women given hormonal replacement therapy; generally increased parasympathetic activity in women may be reflected by higher average HF and RMSSD values and the resulting lower LF/HF ratio.
As the 50th quantile regression analysis, the changes in the RMSSD depended on BMI in men but not in women, which is similar to previous study showing gender differences in BMI (18) . Obviously, most HRV parameters depend on heart rate in both genders because HRV-estimating methods are based on heart rate. Muneta et al. (21) reported that approximately 80% of their patients with isolated systolic hypertension (ISH) showed a significant positive correlation between blood pressure and heart rate. These results suggest that blood pressure in patients with ISH is susceptible to fluctuations in ANS activity. In this study, the RMSSD and TP of the male participants depend on systolic blood pressure, which may be explained by the fact that the RMSSD and TP reflect the reactivity of cardiac rhythm.
Lastly, we analyzed whether various life habits influence HRV measurements. In this study, the SDNN, RMSSD and HF of the participants who habitually drank alcohol were significantly lower than those of the participants who did not. Further, the SDNN, RMSSD, TP, LF and HF values significantly increased with the exercise frequency. These findings are consistent with the reports of previous studies showing that exercise improve HRV by increasing the vagal tone (22) and habitual intake of alcohol negatively influences HRV by increasing autonomic instability (23).
Cagirci et al. (24) reported that the LF and LF/HF ratio are significantly higher and SDNN, RMSSD, and HF values are significantly lower in heavy smokers. Cigarette smoking induces functional changes in the cardiovascular system and these may reflect changes in a different organ system (e.g., the ANS influencing HRV) (25) . We did not find the significant differences in the HRV parameters between the smokers and the non-smokers, which may be inconsistent with the results of previous studies. A possible reason for the lack of difference is that the history of smoking was not strictly controlled. Monda et al. (26) recently reported that espresso coffee influences parasympathetic activity in the supine position and Mattioli (27) reported the beneficial effects of coffee consumption due to anti-inflammatory actions mediated by antioxidants in the beverage. Rauh et al. (28) suggested that modest consumption of caffeine does not reveal negative or positive effects on HRV parameters in young and healthy habitual caffeine consumers. In our study, Ln-TP, Ln-LF, and Ln-HF values were significantly higher in the habitual coffee consumers. Further research is necessary to determine the effects of caffeine on HRV in habitual caffeine users.
This study has some limitations. First, the subjects were not randomly selected from the general population and there were more men than women. Approximately three-fourths of the subjects were permanent workers who underwent annual checkups regularly, which are mandatory in Korea. As more men are employed in full-time positions, the gender disparity may reflect the reality. Second, the psychometric instruments were administered by only self-reports, and there is a possibility of missing past medical and psychiatric disorders. However, the possibility of selection bias is quite low because the subjects were healthy.
In conclusion, using a very large sample of healthy people, we have reported the normal ranges of HRV variables. Given that both clinicians and researchers are increasingly relying on short-term HRV assessment in measuring stress, our work suggest that age and gender should be considered as independent determinants for HRV.
